ONTARIO'S 


DRIVE 
CLEAN 


ONTARIO'S 


^ 


m 


\ 


DRIVE 
CLEAN 


Ontario's  Drive  Clean: 

A  summary  of  the  first  three  years  of 

light-duty  vehicle  data 

(1999-2001) 

August  2002 

Cette  publication  technique  n'est  disponible  qu'en  anglais 

Copyright:  Queen's  Printer  for  Ontario,  2002 
This  publication  may  be  reproduced  for  non-commercial  purposes  with  appropriate  attribution. 


ISBN    0-7794-3505-2 
PIBS  4279e 


In  Brief 

Ontario's  Drive  Clean  is  a  mandatory  inspection  and  maintenance  program  for 
both  light  and  heavy-duty  vehicles.  This  summary  describes  results  from  an 
independent  analysis  by  Pacific  Vehicles  Testing  Technologies  (PVTT)  of  emissions 
data  collected  in  the  first  three  years  of  the  non-diesel  light-duty  vehicle  (LDV) 
component.  The  data,  focusing  on  results  from  the  dynamometer  (treadmill)  test  were 
collected  from  program  start-up  on  January  2.  1999  through  to  December  31 .  2001 . 
which  included  implementing  the  program  in: 

Phase  1  (Greater  Toronto  Area  and  Hamilton) 

Phase  2  (urban  and  commuter  areas  from  Windsor  to  Peterborough) 

In  Phase  1 ,  with  mandatory  testing  from  April  1999  to  December  2001 .  Drive 
Clean  facilities  performed  4.2  million  Drive  Clean  tests.  Some  of  these  vehicles  were 
tested  in  both  1999  and  2001 .   Repairs  of  vehicles  failing  the  Drive  Clean  test  and 
vehicle  retirement,  reduced  smog-causing  emissions  of  nitrogen  oxides  (NOx)  and 
volatile  organic  compounds  (VOCs)  by  an  estimated  total  of  15.2%  or  14,800  tonnes, 
Carbon  monoxide  (CO)  emissions  were  reduced  by  an  estimated  total  of  19.8%  or 
1 1 1 ,000  tonnes.  All  reductions  are  calculated  relative  to  1999  baseline  emissions  at  the 
start  of  testing  in  Phase  1. 

In  Phase  2,  from  January  to  December  in  the  start-up  year  2001 .  Drive  Clean 
facilities  performed  one  million  Drive  Clean  tests.  Repairs  of  vehicles  failing  the  Drive 
Clean  test  and  vehicle  retirement  in  Phase  2.  reduced  NOx  and  VOCs  emissions  by  an 
estimated  total  of  6.1 1%  or  3.500  tonnes,  and  reduced  CO  by  an  estimated  8.1%.  or 
28,300  tonnes,  relative  to  2001  baseline  emissions,  when  Phase  2  started. 

Since  Drive  Clean  start-up  in  1999  to  the  end  of  2001,  smog-causing  emissions 
have  been  reduced  by  an  estimated  total  of  18,300  tonnes,  and  carbon  monoxide  by  an 
estimated  139,000  tonnes.  As  an  additional  benefit,  fuel  economy  has  improved  as  a 
result  of  vehicle  repairs,  equivalent  to  about  380,000  fill-ups  of  average-size  vehicles. 
These  fuel  savings  have  reduced  the  release  of  carbon  dioxide,  a  greenhouse  gas,  by 
an  estimated  47,000  tonnes  from  1 999  to  2001 .  This  is  close  to  half  of  the  long-term 
goal  of  reducing  carbon  dioxide  by  up  to  100.000  tonnes. 
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1.0    Purpose 

This  report  presents  an  analysis  of  vehicle  emissions  data  collected  under 
Ontario's  Drive  Clean  program  for  the  period  of  January  2.  1999  to  December  31 ,  2001 
The  analysis  was  used  to: 

■  Quantify  emission  reductions  of  nitrogen  oxides  (NOx),  hydrocarbons 
(HC),  and  carbon  monoxide  (CO)  from  vehicles  in  the  light-duty  vehicle 
(LDV)  program  area  as  percentages  of  vehicle  emissions  at  the  start  of 
Drive  Clean,  and  as  tonnages;  and 

■  Estimate  the  effect  of  fuel  savings  on  reducing  emissions  of  the 
greenhouse  gas,  carbon  dioxide. 

2.0    Background 

Emissions  from  on-road  vehicles  contribute  to  both  local  and  long-range 
environmental  problems:  primarily  smog  and  climate  change,  and  to  a  lesser  extent, 
acid  rain.  Vehicular  emissions  also  exacerbate  a  number  of  human  health  problems 
and  contribute  to  elevated  morbidity  and  mortality  rates  in  affected  populations. 
Ontario's  mandatory  vehicle  inspection  and  maintenance  program,  known  as  Drive 
Clean,  is  an  effective  approach  to  reducing  vehicular  emissions. 

The  primary  long-term  target  of  the  program  is  to  reduce  the  emission  of  smog- 
causing  pollutants  (nitrogen  oxides  and  volatile  organic  compounds)  in  the  program 
area.  Smog-causing  emissions  include  the  gases  nitrogen  oxides  (NOx),  and 
hydrocarbons  (unburned  gasoline,  belonging  to  a  group  of  pollutants  called  volatile 
organic  compounds  or  VOCs).    Climate  change  emissions  consist  of  carbon  dioxide 
(C02),  while  acid  rain  emissions  contain  sulphur  (S).  Vehicle  emissions  also  include 
the  toxic  gas  carbon  monoxide  (CO),  as  well  as  particulates. 

Federal  regulations  set  emission  performance  standards  for  vehicles  at  the  time 
of  their  manufacture.  Federal  test  procedure  (FTP)  standards  for  new  vehicles  have 


progressively  tightened  to  reflect  the  improvements  in  emission  control  systems 
introduced  over  the  last  20  years.   The  FTP  is  a  series  of  emission  tests  performed  on 
new  vehicles,  under  a  variety  of  ambient  conditions  and  driving  cycles  which  include 
acceleration,  deceleration,  and  idle.    Standards  are  set  each  year  that  all  new  model 
vehicles  must  meet,  but  only  a  few  vehicles  representing  each  model  are  tested  each 
year. 

Ontario  sets  on-road  emission  standards,  limiting  the  release  of  air 
contaminants.    However,  on  road  vehicle  emissions  increase  over  time  due  to  engine 
wear,  improper  or  irregular  maintenance,  and  tampering  with,  or  failure  of  the  emission 
control  devices.  Ontario's  vehicle  emission  standards,  based  on  the  FTP  standards, 
have  been  adjusted  to  reflect  the  relative  capabilities  of  both  older  and  contemporary 
emission  control  systems  and  the  effects  of  normal  engine  wear.  Drive  Clean  tests 
using  a  dynamometer  (vehicle  treadmill)  are  designed  to  identify  those  vehicles  that  no 
longer  operate  in  compliance  with  acceptable  emission  standards  and  ensure  that  the 
proper  corrective  action  is  taken.    The  data  set  from  dynamometer  testing,  presented 
here,  is  actually  a  subset  of  the  full  Drive  Clean  data  set,  which  also  includes: 

•  LDV  two-speed  idle  tests,  for  vehicles  that  cannot  be  tested  on  the  dynamometer 

•  LDV  diesel  tests,  checking  vehicles  for  visual  emissions 

•  HDV  non-diesel  two-speed  idle  tests 

•  HDV  opacity  (smoke)  diesel  tests 

A  ten  or  15-year-old  vehicle,  even  one  maintained  in  excellent  running  condition, 
cannot  match  the  pollution  control  efficiencies  of  today's  models.   However,  when 
pollution  controls  fail,  any  vehicle  may  become  a  gross  polluter  with  emissions 
equivalent  to  20  or  more  properly  maintained  vehicles. 

The  Drive  Clean  requirements  are  set  out  in  Ontario  Regulation  361/98,  as 
amended,  under  the  Environmental  Protection  Act.    Emission  standards,  emission  test 
methods  and  additional  technical  information  are  described  in  greater  detail  in  the 
Ontario  Ministry  of  Environment  and  Energy's  Drive  Clean  Guide  and  the  manual 
Standard  Operating  Procedures  for  Ontario's  Drive  Clean  Facilities  as  Applied  to  Light- 
duty  vehicles  and  Non-Diesel  Heavy  Duty  Vehicles.   For  the  period  of  this  report  (1999 


to  2001  ),  the  emission  standards  did  not  change  (e.g.,  a  1988  vehicle  would  have  been 
tested  in  1999  and  2001  using  identical  emission  standards  for  NOx,  HC.  and  CO). 

Enforcement  of  the  emissions  test  requirements  is  done  through  Ontario 
Regulation  628  under  the  Highway  Traffic  Act.  The  regulation  states  that  light-duty 
vehicles  (LDVs)  with  a  registered  gross  weight  of  4,500  kilograms  or  less  (mainly 
passenger  cars,  sports  utility  vehicles,  vans  and  light  trucks)  must  obtain  an  emissions 
inspection  report  in  the  following  situations: 

•  As  a  requirement  to  renew  the  vehicle's  licence  plate  sticker  every  two  years:  This 
requirement  applies  to  LDVs  more  than  three  model  years  but  less  than  20  model 
years  old. 

•  As  a  requirement  to  complete  the  ownership  transfer,  and  plate  a  resale  vehicle  that 
is  older  than  the  current  model  year  but  less  than  20  model  years  old. 

Vehicles  may  be  tested  more  than  once  in  any  given  period  for  several  reasons: 

•  a  vehicle  failing  to  meet  emission  standards  requires  retesting  (may  be  retested  as 
soon  as  within  the  same  day,  and  a  vehicle  may  have  several  retests): 

•  a  vehicle  passing  a  test  for  sticker  renewal  would  require  another  test  for  ownership 
transfer  any  time  after  the  1 2  month  validity  of  the  pass  report  .  and  vice  versa; 

•  a  vehicle  obtaining  a  conditional  pass  for  sticker  renewal  would  require  another  test 
for  ownership  transfer  even  the  next  day  as  a  full  pass  is  required; 

•  a  vehicle  coming  up  for  licence  plate  sticker  renewal  in  subsequent  two-year  cycles 
require  retesting  (e.g..  Phase  1  vehicles  requiring  a  test  in  1999  and  again  in  2001); 

•  quality  control  and  quality  assurance  checks  (audits),  and  other  miscellaneous  tests. 

In  the  following  discussions,  vehicles  were  only  counted  once  at  the  "initial  test"  within 
the  given  period,  no  matter  how  many  other  tests  were  done  on  the  same  vehicles. 
Conversely,  total  number  of  tests  includes  all  tests  done  to  all  vehicles  within  the  given 
period. 


Although  LDV  Drive  Clean  emission  testing  began  on  January  2,  1999,  in  the 
Phase  1  program  area  (the  Greater  Toronto  Area  and  the  former  Hamilton-Wentworth 
Region,  now  the  City  of  Hamilton),  it  was  not  until  April  1 ,1999,  that  a  Drive  Clean  pass 
became  mandatory  for  registration  renewal  and  ownership  transfer.    Thus,  the  number 
of  vehicles  tested  in  1999  was  an  estimated  75%  of  the  total  available  fleet  (even  model 
years  from  1980  to  1996)  in  the  Phase  1  program  area.  In  2000  the  total  available  fleet 
(odd  model  years  from  1981  to  1997)  was  tested,  and  in  2001  the  total  available  fleet 
(even  model  years  from  1982  to  1998)  was  tested,  in  the  Phase  1  area.  In  the  first  two 
complete  calendar  years  of  testing  in  Phase  1  (2000  and  2001  ),  more  than  2.5  million 
vehicles  received  initial  inspections. 

Phase  2  of  the  LDV  Drive  Clean  program  became  mandatory  on  January  1 ,  2001 
in  urban  and  commuter  areas  in  southern  Ontario  from  Windsor  to  Peterborough.  In 
2001,  the  total  available  fleet  (even  model  years  from  1982  to  1998)  of  almost  0.8 
million  vehicles,  received  initial  inspections. 

Data  gathered  for  this  analysis  are  from  LDVs  registered  in  the  Phase  1  area  in 
1999  to  2001 ,  and  LDVs  registered  in  the  Phase  2  program  area  in  2001 . 

The  LDV  inspection  process  consists  of  the  following  basic  steps: 

•  a  pre-test  check  to  ensure  the  suitability  and  safety  of  testing  the  vehicle  on  a 
dynamometer  (non-compliant  vehicles  were  rejected  from  testing  at  this 
stage)  and  an  advisory  check  of  the  on-board  diagnostic  light  for  1998  and 
newer  vehicles  (vehicles  were  not  rejected  from  testing  based  on  this  check); 

•  a  visual  inspection  of  the  emissions  control  system;  and 

•  a  sophisticated,  tamper-proof  emissions  test  to  determine  emission  levels  of 
nitrogen  oxides  (NOx),  hydrocarbons  (HC),  and  carbon  monoxide  (CO)  in  the 
exhaust  stream. 

The  emissions  tests  were  done  on  a  chassis  dynamometer  (vehicle  treadmill) 
that  simulates  the  load  applied  to  a  vehicle  as  it  climbs  a  grade  of  about  three  per  cent, 
at  a  steady  40  kilometres  per  hour.  If  the  vehicle  cannot  be  tested  on  a  dynamometer 
(e.g.,  full-time,  all-wheel  drive),  then  the  tailpipe  emissions  was  measured  at  two 


operating  conditions:  a  steady  2,500  RPM  and  at  curb  idle.  As  the  dynamometer  test 
better  reflects  on-road  emission  performance,  results  from  the  two-speed  idle  test  are 
not  reported  here;  two-speed  idle  results  support  the  following  results  and  conclusions. 

Vehicles  that  do  not  meet  the  emission  levels  or  "cut  points"  established  for  a 
particular  model,  make  and  year,  must  be  repaired  and  re-tested  until  they  pass  or 
receive  a  conditional  pass. 

To  split  the  test  fleet  equally  between  the  two  test  years  in  the  biennial  cycle, 
odd  model-year  vehicles  are  tested  in  an  even  calendar  year;  even  model-year  vehicles 
are  tested  in  an  odd  calendar  year.  Thus,  in  1 999,  even  model  year  vehicles  from  1 980 
to  1996  were  tested  for  registration  renewal;  in  2000,  odd  model  year  vehicles  from 
1 981  to  1 997  were  tested;  in  2001 ,  even  model  year  vehicles  from  1 982  to  1 998  were 
tested.  Because  the  test  requirement  is  biennial,  only  about  half  the  total  fleet  in  each 
program  area,  plus  up  to  another  20%  to  account  for  re-sale  vehicles,  was  actually 
tested  in  any  12-month  period. 

The  LDV  program  design  predicted  that  80%  of  the  fleet  would  pass  the  initial 
Drive  Clean  test  and  15%  to  20%  of  the  remaining  fleet  would  require  repairs  and  a  re- 
test.  A  portion  of  the  failed  vehicles  would  fail  again  and  be  eligible  for  conditional 
passes  because  repair  costs  exceeded  the  repair  cost  limit  (RCL).  A  further  portion 
would  be  retired  or  transferred  outside  of  the  program  area.  Over  time,  the  failure  rate 
is  expected  to  drop  with: 

•  motorists  better  maintaining  their  vehicles, 

•  motorists  conducting  repairs  prior  to  the  initial  Drive  Clean  test, 

•  improved  repair  technician  skills,  preventing,  or  detecting  and  correcting 
problems  with  vehicle  emission  control  systems. 

In  1999  and  2000  vehicle  owners  could  qualify  for  a  $200  Repair  Cost  Limit  for 
vehicles  that  failed  the  re-test,  in  order  to  renew  their  registrations  (the  RCL  does  not 
apply  to  resale  vehicles).   In  2001,  the  RCL  increased  to  $450  in  the  Phase  1  area, 
while  Phase  2  had  its  first  of  two  years  with  the  $200  RCL.   In  effect,  the  vehicle  owner 
is  provided  with  a  two-year  grace  period  with  the  $200  RCL,  to  make  necessary 


emission  system  repairs.  After  the  first  two  years  in  any  program  area,  the  RCL 
increases  to  $450  so  that  most  vehicles  can  be  fully  repaired.  This  feature,  common  to 
many  vehicle  emissions  inspection  and  maintenance  programs  in  North  America,  was 
designed  to  soften  the  financial  impact  of  repairs  on  low-income  vehicle  owners. 

Vehicle  inspections  and  repairs  are  conducted  by  Drive  Clean  certified  emissions 
inspectors  and  repair  technicians  at  Drive  Clean  Facilities,  which  are  accredited  by  the 
Ministry  of  Environment  and  Energy. 

3.0  Methodology 

The  emissions  and  vehicle  data  collected  at  Drive  Clean  facilities  is  automatically 
uploaded  to  a  central  computer  database,  known  as  the  Drive  Clean  Vehicle  Emission 
Transaction  System  (VETS).  The  VETS  information  may  be  analyzed  internally  for 
purposes  of  quality  assurance  and  quality  control,  to  detect  any  evidence  of  fraud,  and 
in  order  to  assess  the  effectiveness  of  the  program.  The  data  are  also  accessed  by  the 
Ontario  Ministry  of  Transportation  through  the  Vehicle  Registration  System  and  used  at 
vehicle  licensing  offices  to  process  vehicle  registrations. 

Pacific  Vehicle  Testing  Technologies  (PVTT)  services  were  retained  by 
the  Ontario  Ministry  of  Environment  and  Energy's  Drive  Clean  Office  for  direct 
evaluation  of  the  emissions  and  vehicle  data  collected  from  January  2,  1999  through  to 
December  31 ,  2001 .    PVTT  used  the  same  vehicle  emission  factors  and  calculation 
procedure  as  was  used  in  the  preliminary  review  of  year  one  data  (1999)  of  the  Drive 
Clean  program. 

3.1  Estimating  emission  reductions 

In  calculating  the  emissions  reductions  from  Ontario's  LDV  Drive  Clean  program, 
each  vehicle  in  the  fleet  was  allocated  both  a  pre-  and  a  post-inspection  and 
maintenance  (l/M)  mass  emission  factor  expressed  in  grams/kilometre.  The  emission 
reduction  is  simply  the  difference  between  the  total  pre-l/M  and  total  post-l/M 
emissions. 


For  each  model  year  and  vehicle  type,  calculations  included  vehicles  that: 

•  passed, 

•  failed  in  each  of  the  possible  failure  modes  (i.e.,  which  of  the  emission 
standards  they  were  unable  to  meet), 

•  passed  on  re-inspection, 

•  were  granted  a  conditional  pass,  or 

•  had  not  returned  for  a  re-inspection. 

It  is  impossible  to  know  how  many  vehicles  which  failed  an  inspection  but  had  not  yet 
returned  to  be  re-inspected  retired  from  the  program,  so  it  has  been  assumed  that  they 
will  all  eventually  achieve  either  a  pass  or  a  conditional  pass. 

Initial  (pre-l/M)  annual  emissions  were  calculated  by  multiplying  the  number  of 
vehicles  in  the  fleet  (whether  passing,  failing,  or  exempt  from  emission  testing)  by  the 
initial  condition  (grams/kilometre)  and  by  the  annual  average  distance  driven  for  the 
model  year. 

Final  (post-l/M)  annual  emissions  were  calculated  similarly,  but  the  calculation 
was  more  complex  as  it  comprised  the  sum  of:  vehicles  which  did  not  change,  those 
that  achieved  a  "good"  repair  (pass)  and  those  that  achieved  a  "bad"  repair  (fail).   Using 
HC  as  an  example,  this  is  how  the  aggregate  calculation  was  done  for  each  parameter: 

%  Reduction  Hc  =  100  x  (Initial  Hc  -  Final  Hc)  /  Initiate 
where: 

Initial  hc=         I  g/km  x  km/year      +    I  g/km  x  km/year     +  I  g/km  x  km/year 
passing  vehicles  failing  vehicles  exempt  vehicles 


and: 


Final  Hc  =  £  g/km  x  km/year      +  I  g/km  x  km/year  +  I  g/km  x  km/year 

passing  vehicles  repaired  vehicles         exempt  vehicles 
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Smog-causing  emissions  include  gases  nitrogen  oxides  (NOx),  and  hydrocarbons  (HC; 
unburned  gasoline,  belonging  to  a  group  of  pollutants  called  volatile  organic  compounds 
or  VOCs).    The  combined  percentage  reduction  of  smog-causing  emissions  was 
calculated  as  follows: 

100  x    inventory  tonnes  VOCs  x  %  reduction  VOCs  +  inventory  tonnes  NOx  %  reduction  NOx 
inventory  tonnes  VOC  +  inventory  tonnes  NOx 

These  percentage  emission  reductions  are  based  on  direct  tailpipe  measurements 
before  and  after  repairing  failing  vehicles,  applied  to  emissions  from  all  of  the  vehicles 
in  each  Phase  (not  tested,  passed,  failed). 

On-road  emissions  (tonnes)  were  calculated  for  each  of  the  gases  for  all  vehicles 
in  each  Phase,  using  the  United  States  Environmental  Protection  Agency's  (EPA) 
Mobile  5  vehicle  emissions  model,  modified  for  use  with  Canadian  vehicles.    On-road 
tonnage  reductions  were  then  calculated  by  assuming  the  percentage  reductions  also 
applied  to  on-road  emissions  from  all  vehicles  in  each  Phase. 

The  new  Mobile  6  model,  currently  being  evaluated  by  the  EPA  and  Environment 
Canada,  is  expected  to  produce  a  higher  figure  for  vehicular  emissions  in  the  near  term. 
The  Mobile  6  model  is  also  expected  to  predict  reduced  vehicle  emissions  for  later 
years  (post  2005)  when  vehicles  with  newer  emission  control  technologies  form  a  larger 
part  of  the  Ontario  vehicle  population. 


3.2     Results 

Phase  1 

In  Phase  1,  from  1999  to  2001,  4.2  million  inspections  were  performed.   In  the 
first  three  years  of  Phase  1 ,  the  percentage  of  vehicles  that  failed  the  initial  test 
dropped  from  16.4%  (1999)  to  14.0%  (2000)  to  12.4%  (2001)  on  an  annual  basis. 

The  drop  in  failure  rate  is  attributed  to  three  key  factors: 

<pedited  retirement  of  gross  polluters,  and  replacement  with  cleaner  vehicles, 


exi: 
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•  improved  vehicle  maintenance  between  tests,  and  possibly  repairs  done  just  prior  to 
the  tests  in  the  years  2000  and  2001 . 

•  emission-related  repairs  done  in  previous  years  that  were  still  effective  at  the  next 
test  for  registration  renewal  or  resale. 

Drive  Clean  has  directly  influenced  these  factors  since: 

•  owners  now  have  an  economic  incentive  to  drive  vehicles  with  cleaner  emissions, 

•  the  automotive  service  industry  is  becoming  proficient  in  maintaining  and  repairing 
emission  control  systems  on  vehicles. 

By  the  end  of  the  reporting  period  in  Phase  1 ,  96%  of  all  vehicles  passed  the  initial  test 
or  passed  after  full  repairs  were  performed  on  failing  vehicles.  Of  the  remaining  4%  of 
failing  vehicles,  half  had  partial  repairs  and  used  the  Repair  Cost  Limit  (RCL)  to  obtain  a 
conditional  pass,  and  the  other  half  had  still  not  passed  or  received  a  conditional  pass. 

Phase  2 

In  Phase  2,  during  the  start-up  year  2001,  almost  1  million  inspections  were 
performed,  with  14.7%  of  these  vehicles  failing  their  initial  emissions  test.    By  the  end 
of  the  reporting  period  in  Phase  1 ,  93%  of  all  vehicles  passed  after  full  repairs  were 
performed  on  failing  vehicles.   Of  the  remaining  7%  of  failing  vehicles,  over  4  %  had 
partial  repairs  and  used  the  Repair  Cost  Limit  (RCL)  to  obtain  a  conditional  pass,  and 
less  than  3%  had  still  not  passed  or  received  a  conditional  pass. 

Results  as  Percentage 

Since  Drive  Clean  began  in  Phase  1  (1999-2001)  emission  reductions  were: 
8.3%  %  NOx 
21.3%VOCs(HC) 
15.2%  NOx  plus  VOCs 
19.8%  CO 

Since  Drive  Clean  began  in  Phase  2  (2001  )  emission  reductions  were: 
2.9  %  NOx 
9.1  %  HC 
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6.11  %  NOxplusVOCs 
8.1  %CO 


Results  as  Tonnage 

Phase  1  (1999-2001): 

smog-causing  emissions  were  reduced  by  an  estimated  total  of  14,800 

tonnes; 

CO  emissions  were  reduced  by  an  estimated  1 1 1 ,0000  tonnes  relative  to 

1999  baseline  emissions. 

Phase  2  (2001): 

smog-causing  emissions  were  reduced  by  an  estimated  3,500  tonnes 
CO  emissions  were  reduced  by  an  estimated  28,300  tonnes  relative  to 
2001  baseline  emissions. 

Since  Drive  Clean  began  in  both  Phases: 

smog-causing  emissions  were  reduced  by  an  estimated  total  of  18,300 

tonnes; 

CO  emissions  were  by  an  estimated  total  of  139,000  tonnes 


3.3     Impact  on  fuel  consumption 

PVTT  has  developed  a  methodology  for  determining  how  fuel  consumption  can 
be  affected  by  the  repairs  intended  to  correct  an  emissions  problem  (see  AirCare 
Program  Review  and  Evaluation  of  Benefits,  Years  One  to  Five,  Insurance  Corporation 
British  Columbia,  December  1998).  Although  it  is  normal  to  expect  such  repairs  to 
improve  fuel  consumption,  in  some  cases  a  "good"  repair  can  actually  result  in 
increased  fuel  consumption.   Taking  this  into  account,  the  average  fuel  consumption 
improvement  for  all  repaired  vehicles  can  be  estimated  as  2.26%. 
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During  the  first  three  years  of  Drive  Clean,  547,471  vehicles  failed  their  initial  emissions 
test  and  are  assumed  to  have  been  repaired  partially,  or  completely.  Some  of  the 
vehicles  will  never  be  repaired  but  will  be  retired  and  replaced  with  vehicles  that  pass 
the  Drive  Clean  emissions  test  and  have  better  fuel  economy.  The  average  annual 
travel  distance  for  this  group  is  15,300  km.   If  average  fuel  consumption  is  estimated  at 
10  litres/100  km,  the  annual  fuel  savings  would  be  19  million  litres  (2.26%  of  547,471 
vehicles  X  15,300  km  per  vehicle  X  10  litres/100  km)  or  about  380,000  fill-ups  of  an 
average  sized  car. 

This  equates  to  a  reduction  in  carbon  dioxide  emissions  of  approximately  47,000 
tonnes  (assuming  that  2.5  kilograms  of  carbon  dioxide  result  from  the  combustion  of 
each  litre  of  fuel)  during  1 999  to  2001 .  This  is  almost  half  of  the  goal  to  reduce  carbon 
dioxide  emissions  by  up  to  100,000  tonnes. 

3.4     Assumptions 

This  technical  summary  assumes  that  Ontario  vehicles  would  perform  similar  to 
British  Columbia  vehicles.  This  is  reasonable,  since  vehicles  across  Canada  are  built  to 
the  same  federal  emission  standards  and  Ontario's  ASM  testing  equipment  and 
procedures  are  similar  to  those  of  B.C. 

There  are  two  important  findings  from  testing  approximately  3.4  million  vehicles 
in  Ontario: 

1  )         vehicles  could  pass  easily  if  they  were  properly  maintained  (vehicles  of  all 
makes,  models  and  years  which  passed  the  inspection  initially,  or  were 
repaired,  often  had  final  emission  results  far  below  the  cut  points, 
indicating  that  similar  vehicles  which  were  failing  the  inspection  were 
gross  polluters  with  repairable  emissions  problems); 

2)        vehicles  which  failed,  continued  to  fail  if  no  repairs  were  done  (with  the 
exception  of  a  few  borderline  vehicles  and  vehicles  with  intermittent 
emission  control  problems;  in  both  these  cases,  repairs  were  needed). 

PVTT  emission  reduction  estimates  were  based  on  direct  measurements  of 
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vehicle  emissions  at  initial  and  subsequent  tests,  and  included  expected  emission 
vehicle  retirements.  Drive  Clean  and  car  retirement  programs  such  as  Car  Heaven 
undoubtedly  are  accelerating  the  replacement  of  older  vehicles  with  newer  vehicles  that 
have  cleaner  emission  control  technologies.     It  is  very  difficult  to  separate  the 
program-induced  retirement  rate  from  the  status-quo  vehicle  retirement  rate,  which 
depends  on  the  state  of  the  economy  and  many  other  factors. 

Direct  tailpipe  emission  measurements  were  made  at  a  constant  speed  (40 
kilometres/hour)  under  controlled  conditions  at  testing  facilities.    Actual  on-road 
emissions  are  influenced  by  many  factors,  including  vehicle  kilometres  travelled,  cold 
starts,  driving  habits,  traffic  (including  stop  and  go  conditions),  rapid  acceleration, 
driving  speed,  maintenance  of  the  emission  control  system  in  non-testing  years,  tire 
inflation,  load  carried,  hills,  and  pollution  from  other  parts  of  the  vehicle  (e.g.,  gasoline 
escaping  from  the  fuel  system  and  gas  cap).    While  it  is  obvious  that  vehicles  emit  a 
greater  amount  of  pollutants  while  being  driven  on  the  road  than  during  the  Drive  Clean 
test,  it  is  assumed  that  the  estimated  percentage  emission  reductions  from  Drive  Clean 
repairs  apply  equally  to  both  operating  modes. 

Emission  reductions  reported  here  do  not  take  credit  for  vehicle  maintenance  or 
repairs  that  were  carried  out  prior  to  the  initial  test  or  between  test  cycles  by  vehicle 
owners.   No  assumptions  are  made  about  the  extent  of  these  unmeasured  Drive  Clean 
benefits,  but  they  are  likely  substantial.  These  estimates  of  reductions  also  tend  to  be 
on  the  low  side  because  the  test  is  designed  to  end  early  if  all  three  test  gases  drop 
anywhere  below  the  emission  standards  (i.e.,  test  ends  as  the  final  gas  drops  below  the 
standard).    If  the  test  had  continued,  the  emission  gases  from  each  vehicle  may  have 
ended  up  well  below  the  emission  standards. 

Emissions  standards  for  Ontario  were  chosen  so  that  only  gross  emitters  would 
fail  the  test,  regardless  of  model  year.  Vehicles  passing  the  initial  test,  or  repaired 
vehicles,  could  become  gross  emitters  before  the  next  test  is  due  (two  year  test  cycle), 
which  would  mean  that  emissions  are  actually  higher  than  estimated.  This  is  covered  to 
some  extent  by  a  very  conservative  estimate  of  the  benefit  carried  over  to  subsequent 
years  from  repairs  done  in  the  calendar  year  1999  or  2000  in  Phase  1 .    And  without  the 
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biennial  Drive  Clean  test  requirement,  these  vehicles  would  continue  on  Ontario  roads 
indefinitely  as  gross  polluters. 

Vehicles  with  intermittent  faults  can  also  have  some  impact  on  emission 
reduction  results.   Such  vehicles  may  pass  the  test  (even  though  by  definition  these 
vehicles  are  "faulty",  and  should  fail  all  the  time,  "intermittent"  means  they  may  pass 
sporadically),  or  fail  the  test  but  be  improperly  repaired  and  then  pass  the  test  by 
chance. 

Both  false  passes  could  result  in  estimating  emission  reductions  on  the  high 
side.  While  vehicles  with  intermittent  faults  do  exist,  re-tests  of  thousands  of  failing 
vehicles  indicate  that  vehicles  with  intermittent  faults  are  relatively  rare  -  the  vast 
majority  of  vehicles  failing  a  test  continue  to  fail  re-tests  consistently  until  repairs  are 
done. 


4.0  Conclusions 

The  analysis  of  data  collected  in  the  first  three  years  of  Ontario's  Drive  Clean 
program  for  light-duty  vehicles  (LDVs)  indicates  that  the  mandatory  inspection  and 
maintenance  program  has  achieved  substantial  reductions  in  the  emissions  of 
contaminants  that  contribute  to  photochemical  smog  and  other  environmental 
problems.    Drive  Clean  is  progressively  reducing  emissions  by  cleaning  up  existing 
vehicles  and  expediting  the  replacement  of  gross  polluters  with  vehicles  that  have 
better  emission  control  technologies. 
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APPENDIX 
KEY  DATA  TABLES 

List  of  Tables: 

•  Tables  1A  to  ID:  Rates  of  inspection,  failure,  reinspection,  and 
waiver  by  vehicle  type  and  model  year  for  individual  vehicles  -  Phase 
1  for  years  1999  to  2001,  Phase  2  for  2001 

•  Tables  2A  to  2  D:  Modal  failure  rates  -  Phase  1  for  years  1999  to 
2001,  Phase  2  for  2001 

•  Tables  3  A  to  3D:  Calculation  of  emission  reductions  by  vehicle  type 
and  by  age  group  -  Phase  1  for  years  1999  to  2001,  Phase  2  for  2001 

•  Tables  4A  and  4B:  Overall  emission  reductions  -Phase  1.  Phase  2 
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